To evaluate a new, low-cost, reusable balloon trocar device for dissection of the preperitoneal space during endoscopic surgery.
Introduction
The treatment of inguinal hernias has been the subject of controversy in surgical practice since it was first conceived in ancient time 1 procedures. These surgeries comprised a total public cost of about USD 40 million at that time 6 .
The success of laparoscopic cholecystectomy in the 1990s motivated the development of endoscopic techniques for the treatment of inguinal hernias 7, 8 . In addition to the classic Lichtenstein open tension-free approach, the transabdominal preperitoneal (TAPP) and totally extraperitoneal (TEP) endoscopic techniques are currently recommended as best evidence-based treatment options 4, 9 . However, these techniques are dependent on surgeon training. Compared to open techniques, endoscopic repairs tend to be associated with lower rates of infection, chronic pain, numbness, and loss of work activity.
Furthermore, they are more cost-effective and have been related to better quality of life 9 .
The Brazilian Unified Health System database (DATASUS) reflects the state of the Brazilian public health-care system. For instance, in 2012, 74.9% of the Brazilian population had no supplemental health insurance 10 .
According Oxyhemoglobin saturation, heart rate, body temperature, and mean arterial pressure were monitored throughout the surgical procedure in all animals. Values were obtained every 10 min throughout the procedure by using a previously calibrated multiparameter monitor (Hewlett-Packard, Germany). After each procedure was completed, the animals were subjected to a painless, assisted death, according to the same anesthetic protocol. 
Bhio-Supply balloon trocar device
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With the animal under deep anesthesia, 2.5% thiopental (dosage:
10 mg/kg; Cristália) and 19.1% potassium chloride (SAMTEC Biotecnologia, Ribeirão Preto, SP, Brazil) were administered as a 20-mL bolus injection.
Technique
Regardless of group allocation, the surgical procedure followed the same sequence after preoperative preparation. The animal was placed in a supine position. Anesthesia was induced, and the operating field was prepared using a 0.1% solution of A pen was used to demarcate lines on the skin of the anterior abdominal wall of each swine, as shown in Figure 3 .
A cross-sectional line connected the two anterior superior iliac spines to each another. A second line was drawn, connecting the right anterior superior iliac spine with the pubic symphysis. A 3-mm trocar was placed into the medial portion of the dissection in the preperitoneal space, on the line between the two iliac spines.
The created space was measured laterally with a 3-mm graduated probe. Another 3-mm trocar was placed into the preperitoneal space at the center of the line demarcated between the right iliac spine and the midline. The created space was measured in the anteriorposterior direction with a graduated palpation probe. A third 3-mm trocar was placed at the palpation site, at the distal portion of the 10-mm cannula that was inserted totally in the abdominal wall.
The created space was measured in the craniocaudal direction.
The occurrence of complications (e.g., bleeding, peritoneal injury, visceral injury, etc.) was recorded. 
Cost analysis
The cost of each procedure was calculated by considering the commercial price of the device, as provided by the manufacturer The 95% confidence intervals (95% CIs) were calculated for the differences between means. Pearson correlation coefficients (r values) were used to assess the relationship between quantitative variables. Differences with a p≤0.05 were considered statistically significant.
Results
Surgical outcomes
There were no statistically significant differences between groups B and C in terms of the animal weight (21.8 ± 5.7 kg vs.
24.6 ± 6. The mean internal balloon pressure was 199.1 ± 59.5 mmHg in group B, compared to 93.4 ± 16.0 mmHg in group C (p<0.001). None of the balloons ruptured during the experiment.
There were no cases of device-related injury to the inferior epigastric vessels, bladder, intraperitoneal organs, spermatic cord elements, or iliac vessels in any animal. Blood loss due to balloon dissection was less than 1 mL in all animals.
Three animals in group C experienced peritoneal injury during balloon insufflation. In one of these animals, two lacerations were detected (measuring 3.5 and 1 cm). In another animal, it was not possible to identify the injury, but significant 
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group C, costs in group B became less than costs in group C from the fifth surgical procedure forward ( 
Discussion
Expanding the use of endoscopic hernioplasty in the treatment of inguinal hernias in Brazil may improve employment, disability, and health-care costs. However, the techniques used for endoscopic hernioplasty must be reproducible, safe, and economically viable 15 . Using a balloon trocar dissection device can shorten the surgeon's learning curve in TEP endoscopic inguinal hernioplasty, especially for beginning surgeons and technically difficult hernias 16, 17 . Although using a commercial balloon dissector adds direct costs to the procedure [17] [18] [19] [20] [21] [22] [23] [24] , these devices facilitate the procedure technically and decrease the operating time and complications-advantages that may ultimately reduce costs 22 . Use of a low-cost, reusable, and domestically manufactured balloon trocar could lower procedure costs and benefit a large number of patients in Brazil, especially in the Public Health System (SUS).
The use of hand-made indigenous balloon reduces the cost of TEP repair 24 . This low-cost balloon proved relatively effective 24, 25 . However, these balloons do not allow internal viewing of the dissection. Even when they enable, partially visually impaired depends on the balloon material. They are generally made with latex surgical glove, material that is not design for the purpose of dissection of anatomical function spaces. Finally, handmade balloons tend to break easily and can cause fragmentation during its insufflation, which compromises their safety 25 .
The initial cost of a Covidien device was lower than that of a Bhio-Supply device. However, the Covidien device became more expensive than the Bhio-Supply device after only five surgical procedures. If used in a larger sample, the cost of the Covidien device per procedure would remain unaltered because the device is designed for single use, whereas the proportional cost of the reusable Bhio-Supply device would become progressively lower. The costs of sterilization of the reusable devices as its durability should be also consider, but this fact probably doesn't have a significant influence on the cost-effectiveness of the device. The model used to access the preperitoneal space was appropriate to test the balloon dissection devices in animals.
Access by the open technique, balloon insertion, and dissection were easy to achieve with both devices, which behaved similarly with respect to dissection time and total procedure time (i.e., the time spent coupling the balloon to the cannula in group B was insignificant). The devices also created similarly sized and satisfactory preperitoneal spaces, suggesting that they were both effective in dissecting the anatomic space.
The higher balloon internal pressure found in group B was probably caused by the smaller size and greater thickness of the balloon in this group. Gaur 25 has recommended monitoring the internal balloon pressure during insufflation as a method to predict balloon rupture. Moreover, the internal pressure may provide information on the position of the balloon in the abdominal wall, because it reflects the resistance offered by tissues surrounding the balloon. Pressure tends to be high when the balloon is located in the interfascial or intermuscular space, whereas pressure tends to be low when the balloon is placed in the peritoneal cavity.
However, Gaur used this method only in the beginning of his learning curve. Provided that a safe margin is allowed when filling the balloon, routine measurement of the internal pressure during balloon insufflation is not necessary 25 .
Although use of a balloon dissector for initial access to the preperitoneal space is a safe and well-established method 17, 25 , it is not free of complications 25, 26 . . In the present study, there were no cases of injury to the anatomic structures in any group. However, three animals in group C showed device-related peritoneal injury.
Even though the balloon in group C was inflated with no more than 300 mL of ambient air, the larger balloon size (designed for use in humans) may explain the increased incidence of peritoneal injury in this group. The balloon in group B was smaller and well-fitted to the small preperitoneal space of swine. Additionally, the peritoneum of swine is much more fragile than that of humans. Therefore, we speculate that the chances of peritoneal injury caused by the devices investigated here would be lower in humans, provided that an adequate insufflation volume is observed.
In addition to potential injury to the peritoneum and internal organs and structures, balloon rupture (due to, e.g., high pressure during insufflation, hyperdistension, or a product defect) may cause fragmentation and fragment loss 25 . In this study, Moreover, filling the balloon with air is practical, simple, and quick, and it decreases the time needed to inflate the balloon.
In terms of the essential characteristics of a balloon trocar dissection device, the devices used in group B and C may be considered as close to the ideal 25, 28 . In addition to the limitations of the animal model (e.g., fragility of the swine peritoneum), the study design was limited in that a full hernioplasty was not included in the method.
Nevertheless, in spite of these limitations, the model described here is an interesting option for training surgeons in accessing the preperitoneal space and TEP repair.
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Conclusions
The balloon dissection device developed by Bhio-Supply was not inferior to the OMSPDB 1000 ® device manufactured by Covidien in terms of safety and effectiveness in creating a preperitoneal space in swine. Moreover, because of the significantly lower cost of the Bhio-Supply device over its lifetime, its use in humans should be assessed in clinical studies.
